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Presentation Outline

« Introduce per- and polyfluoroalkyl substances (PFAS)
- what are they?

= Discuss chemical properties of PFAS
- why are they useful?

- Review what is known about routes of human exposure

- Some recent findings

= Describe animal and human health effects of PFAS

= Long-term outlook regarding PFAS
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- Synthetic analogs to long chain fatty acids — but
fluorine is used in the place of hydrogen

« PFAS are entirely manmade — no natural sources
and literally thousands of different formulations in

use

« Many PFAS are extraordinarily persistent in the
environment, cannot be broken down by natural
systems

Per- and Polyfluoroalkyl Substances (PFAS)

« PFAS are detected in all environmental media — air, water,
soil, sludge

= Like other persistent organic pollutants, many PFAS bio-
accumulate in animals at the top of the food chain — birds,
fish, livestock, and humans

= Environmental persistence leads to global distribution via air
and water movement — releases here can be significant for
communities on the other side of the world
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Some Per- and Polyfluoroalkyl Substances (PFAS)
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Sources of PFAS Exposure for Humans

- Best documented source is contaminatedidrinking water near
industrial production facilities or waste disposal e.g., Cottage
Grove, Minnesota; Parkersburg, West Virginia; Dalton, Georgia;

Decatur, Alabama; Arnsberg, Germany; Osaka, Japan Lindstrom et ai
2011, Environ. Sci. & Technol. (45) 8015 8021

contaminated waters, items contaminated by|food packaging| and

breast milk Fromme et al 2008, inter. J. Hyg. & Envr. Heath (212) 239-270; Mogensen et al. 2015,
..... ST aChN0]. (49) 10466 - 10473

House dust may also be an important route of exposure —

especially for children who ingest relatively higher levels of dust
via hand-to-mouth activity snoeiv et ai. 2011, Environ. Sci. & Technol. (45) 7999 - 8005

Workplace exposuresisignificant for some sectors: manufacturing
or services making or directly using PFAS, apparel sales, waste
treatment wisson et ai. 2013 Environ. Sci: Processes impacts, 15, 814-822

@

@

ED_002878_00005652-00008



PFAS Removal Efficiency
US (Quinones and Snyder 2009) PFOA «3'
; Japan [Takagi et al, 2008, 2011, Shivakoti et al, 2010} e
& UK (Atkinson et al. 2008) Ve -

- 100  ©  Australia (Thomson et al. 2011b) ,«"‘y N
Y 1 ¥ Thailand (Kunacheva et al. 2010} 3?/"& e
& 1 %  Netherlands {Eschauzier et al. 2012} W,/' A/ @.-/
& 1 @ France (Boiteux ot al, 2012} o Vv,
= 1 B Spain (Flores et al, 2013} s “
=1 10 i v
£y 1 P - v ¥
= e 1 v
o & /'. _,/
J3 g /‘_/%*‘ Y
B4 127 117 .
= ] ‘f. .._/
b ] - i

i ' /

| o2

b e

_‘/
0.1 e T ‘l-ﬁ--l W! T
0.1 1 10 100
Raw water {ng/L}
Simitar for PFOS, PFHXA and PFHXS
Rahman et al., (2014) Wafer Research, 50:318-340

Deliberative Process / Ex. 5

ED_002878_00005652-00009



Legacy and Emerging Perfluorcalkyl Substances Are Important
Drinking Water Contaminants in the Cape Fear River Watershed of
North Carolina
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Novel Polyfluorinated Compounds ldentified Using High Resolution
Mass Spectrometry Downstream of Manufacturing Facilities near
Decatur, Alabama
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Novel Polyfluorinated Compounds ldentified Using High Resolution
Mass Spectrometry Downstream of Manufacturing Facilities near
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Fluorinated Compounds in U.S. Fast Food Packaging

Lavre! A Schaider” nona A Balan,® Arlens }%lmn,g’“ David Q, Andre\rvs,i Mark
- . N Y e . < N fe) ~ - P i
Muargaret E. Dickinson,” David M. Lunderberg,” Jobnsie B Lang™ and Grabam F. Peaslee”

Percent with fluoring

Fger sugs

Slrynar,

ED_002878_00005652-00013



13

Fluorinated Compounds in U.S. Fast Food Packaging
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inventory of Effective Food Contact Substance {FO8E)
Notifications

n=1,255 n= 66 include “fluoro” in name

hitp://mww.accessdata.fda.gov/scripts/fdcc/index.cfm?set=FCN&sort=FCN_No&order=DESC&startrow=1&type=basic&search=fluoro
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“Fluoro” Substructures in Database
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PFAS Health Effects Summary

» These chemicals not only persist in the environment, but also inside the body once
ingested, particularly in humans. GenX data from Gannon et al., 2016

Serum PEBS PEHxS PEOS PEBA PEHxA Goend PEOA PENA
half-life {C4) {CB) {C8) {C4) {CB) {C8) {C9)
Mouse 5hr 30 days 40 days 12 hr 2hr gipha 5.2hr 20 days 60 days
beta 31hr
Humans 28days 85years 4-5years 3 days 32 days Kt 3-4 unknown
years

- Some of these chemicals are more potent than the others, but all of them have the
similar effects (PPARw activation)

PEBA PFPeA = PFHxA  PFHpA PEOA PENA PEDA

(C4) (C5) (CB) {C7) {C8) (C9) (C10)
Mouse 1.0 1.1 1.3 46 8.5 10.2 26
Humans 1.0 1.4 1.6 5.0 6.5 6.8 -

- Laboratory results suggest that PFAS effects are additive

Slide from Chris Lau, US EPA
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Profiles of PFAS Toxicity and Adverse Health Effects

» Liver and Metabolic toxicity
- Mouse: enlarged and fatty liver, decreased serum cholesterol, triglycerides
- Humans: increased serum cholesterol, uric acid
» Reproductive and Developmental Toxicity
-~ Mouse: neonatal mortality, low birth weight, growth deficits, developmental delays
- Humans: preeclampsia, low birth weight and small size, delayed onset of puberty
= Tumor Induction
- Mouse: liver, pancreas and testes
-~ Humans: kidney and testes
« Immunotoxicity
- Mouse: atrophy of thymus and spleen, suppressed immune responses
-~ Humans: reduced immune responses to vaccines in children
» Endocrine Disruption
- Mouse: reduced serum thyroid hormones
- Humans: slight elevation of serum thyroid hormones
» Neurotoxicity
-~ Mouse: a few reporis of neuronal deficits and behavioral abnormalities
- Humans: some reports of learning disability

Slide from Chris Lau, US EPA
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Newer PFAS: Summary of what is Known?

e I ; ; ;
Most compounds have limited but growing toxicology testing for
some PFAS Gordon et al., (ADONA), Rae et al., (GenX), Dewitt et al., (GenX), Serex et al., 2014

(6:2 FTOH), Danish EPA 2015 (short-chain PFAS) B34 T no information on others

. (Strynar et a., 2015, Newton et al., 2016, Schaider et al., 2017)

-~

Toxicology found to be “more favorable” than longer chain

PFAS (Dupont GenX brochure) but NOT non-toxic (Rae et al., 2015 (GenX); Gordon et
| @l (ADONA), Serex et al,, 2014 (62 FTOH)

Shorter chain length PFAS are: almost completely absorbed
OraIIy (Chang et al., 2008 (PFBA), Olsen et al., 2009 (PFBS) and Gannon et al., 2011 (PFHxA)
more rapidly eliminated in mammals cannon et al., 2016 (Genx) aNd
poorly attenuated in Traditional drinking water systems (sunetal,

S/

\_2016)
p

Environmental bio-concentration of shorter chain length is of

low concern Hoke etal, Genx), BiJT has been shown to occur in fish
_ species (Chu et al., 2016., (FBSA)

o
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Terminal per- and polyfluorinated metabolites are recalcitrant
Danish EPA 2015 (short-chain PFAS), Wang et al., 2013 (PFPEs), ECHA 2015
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Future Perspectives

« Demand for PFAS performance chemicals increasing with a shift
in production of “legacy” materials to the developing world (India,
Poland, China, Russia)

- New generation of “replacement” PFAS now being produced in
the industrialized world, but their identity and health effects are
relatively unknown.

= Environmental and health effects research on “replacement”
PFAS now underway — preliminary results suggest they have
similarity to legacy compounds

« New research on human exposure of PFAS and their adverse
health effects, as well as their ecological impacts will support risk
assessment and regulatory decisions

» Virtually every person has PFAS in their blood — biomonitoring
studies will inform the trends of change in the future regarding
new and legacy chemicals
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Questions?

Email: Strvnar mark@ena aoy
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